Homocysteine increases the production of asymmetric dimethylarginine in cultured neurons.
Increased circulating concentrations of homocysteine may be a risk factor for Alzheimer's disease and cognitive dysfunction in normal aging. Asymmetric dimethylarginine (ADMA) is an endogenous inhibitor of endothelial nitric oxide synthase (NOS). ADMA is metabolized in neurons by the enzyme dimethylarginine dimethylaminohydrolase (DDAH). Nitric oxide plays an important role in synaptic events involved in learning and memory. We determined the effect of L-homocysteine on ADMA accumulation and nitric oxide production in cultured rat neuronal granule cells. The incubation of neuronal granule cells with L-homocysteine for 24 hr caused a dose-dependent accumulation of ADMA and a dose-dependent decrease in nitric oxide production. The addition of the sulfhydryl antioxidant pyrrolidine dithiocarbamate (PDTC) attenuated the effect of homocysteine on ADMA accumulation and nitric oxide production. DDAH activity had a decreasing dose-response relationship with increasing L-homocysteine concentrations. The addition of PDTC caused a dose-dependent increase in DDAH activity. The addition of the N-methyl-D-aspartate receptor antagonists (+/-)-2-amino-5-phosphopentanoic acid and 7-chlorokynurenate had no effect on the inhibition of DDAH by homocysteine. It is concluded that L-homocysteine inhibits DDAH activity, thereby causing ADMA accumulation and decreasing nitric oxide production in cultured neurons. The protective effect of PDTC suggests that L-homocysteine inactivates DDAH in neurons by reacting with the cysteine residue in its active site. The preservation of DDAH activity and the reduction of ADMA accumulation in neurons may be a new strategy for the treatment of Alzheimer's disease and cognitive impairment in normal aging.